Background
Appropriate surgical management of moderate functional mitral regurgitation (MR) at the time of coronary artery bypass graft (CABG) surgery remains controversial. A recent study demonstrated no survival benefit from adding mitral repair to CABG for patients with moderate functional MR. Preoperative prediction of reverse remodelling is crucial in making the decision to add mitral valve repair to CABG. Late gadolinium-enhanced magnetic resonance imaging (LGE MRI) offers a reference method to assess myocardial viability.
..
Case summary A 60-year-old man with ischaemic cardiomyopathy was admitted to our hospital with exacerbation of heart failure symptoms. Left ventricular (LV) dilatation, severe impairment of LV systolic function, and moderate MR due to tethering were noted on transthoracic echocardiography. The mitral regurgitant jet was central. Intravenous administration of furosemide and human atrial natriuretic peptide was initiated. The patient experienced an episode of ventricular tachycardia, and coronary angiography demonstrated triple-vessel disease. On LGE MRI, subendocardial infarction with a transmural extent of 25-50% was revealed in the inferior, posterior, and lateral walls. Findings from LGE MRI suggested that myocardial viability had been preserved. After performing CABG and cardiac resynchronization therapy, LV volume was substantially decreased and moderate MR was significantly improved without surgical mitral repair. On speckle tracking echocardiography before surgery, a significant difference in the times to peak radial strain between the lateral wall (462 ms) and inferior wall (17 ms) indicated the presence of LV dyssynchrony. Left ventricular dyssynchrony was substantially improved after CABG and cardiac resynchronization therapy defibrillator implantation.
.. Discussion
In patients with ischaemic cardiomyopathy and moderate functional MR, acquisition of LGE MRI of the LV should be considered to evaluate the viability of LV myocardium. Findings from LGE MRI of the LV can potentially influence the surgical strategy. In patients with preserved viability of LV myocardium, functional MR could be improved after CABG without any surgical repair.
Introduction
The appropriate surgical management of moderate functional mitral regurgitation (MR) at the time of coronary artery bypass graft (CABG) surgery remains controversial. A recent randomized controlled trial identified no benefit from adding mitral repair to CABG surgery for patients with moderate functional MR. 1 The 2017
American Heart Association/American College of Cardiology guideline declared the usefulness of mitral repair as uncertain for patients with chronic, moderate, and functional MR undergoing CABG surgery (class of recommendation: IIb). 2 Late gadolinium-enhanced magnetic resonance imaging (LGE MRI) is an established method for assessing myocardial viability. 3 Compared with single photon emission computed tomography (SPECT), LGE MRI offers superior prediction of left ventricular (LV) reverse remodelling in patients with ischaemic cardiomyopathy after CABG. 4 In addition, LGE MRI is a useful modality for deciding the LV lead position and predicting LV reverse remodelling after cardiac resynchronization therapy (CRT). 5 
Timeline

Case summary
A 60-year-old man with ischaemic cardiomyopathy, diabetes, hypercholesterolaemia, and chronic obstructive pulmonary disease was admitted to our hospital due to exacerbation of heart failure symptoms in July 2015. He was experiencing shortness of breath at rest [New York Heart Association (NYHA) Grade 4], but had no chest pain before admission. Upon arrival, respiratory rate was estimated at 26 breaths/min, peripheral oxygen saturation was 93% (room air), blood pressure was 100/54 mmHg, and heart rate was regular and 104 b.p.m. Physical examination revealed distended jugular veins and hepatojugular reflux. Thoracic auscultation showed pan-systolic murmur at apex (Levine III/VI), reduced breath sounds at the lung bases, an audible heart sound III, and lower thigh oedema. An electrocardiogram showed pathological Q waves in leads III and aVF, and complete left bundle branch block (QRS duration, 150 ms). Blood tests revealed that brain natriuretic peptide (BNP) was elevated to 1076 ng/mL (0-18.4 pg/mL), renal function was normal (creatinine, 0.85 mg/dL), and troponin T was not positive (<0.01 pg/dL). Chest X-ray showed cardiomegaly (cardiothoracic ratio 56%), mild congestion, and bilateral 9 September 2015 Cardiac catheterization was performed. LAD proximal stent distal 75% stenosis, left circumflex artery proximal 90% stenosis, RCA mid-in-stent occluded, non-sustained ventricular tachyarrhythmia confirmed.
On late gadolinium-enhanced magnetic resonance imaging, subendocardial infarction was revealed in the inferior and posterolateral walls, and viability was preserved in the infarcted myocardial territory.
Coronary artery bypass graft and cardiac resynchronization therapy (CRT) planned.
3 December 2015 Coronary artery bypass graft (LITA-LAD and Ao-SVG-OM) and implantation of epicardial LV lead for CRT performed by cardiovascular surgeons.
18 December 2015 Implantation of cardiac resynchronization therapy defibrillator.
December 2015
Discharge from hospital. 16 January 2017
Postoperative echocardiography performed (MR resolved).
Learning point
• Preoperative viability assessment using late gadolinium-enhanced magnetic resonance imaging might be useful for predicting postoperative reverse remodelling and improvement of ischaemic mitral regurgitation without surgical repair.
. ) due to tethering (tenting height 9.5 mm). The mitral regurgitant jet was central.
Both anterior and posterior leaflets of the mitral valve were tethered. As medical therapy for this patient, we administered furosemide and human atrial natriuretic peptide intravenously, along with oral medications comprising aspirin at 100 mg/day, carvedilol at 10 mg/day, losartan at 25 mg/day, furosemide at 20 mg/day, spironolactone at 25 mg/day, and digoxin at 0.125 mg/day. The digoxin was included as part of heart failure treatment. The patient had an episode of non-sustained ventricular tachycardia. After improvement of heart failure symptoms with pharmacotherapy, coronary angiography was performed. Multivessel coronary artery stenoses were demonstrated (in-stent occlusion was noted in the middle part of the right coronary artery and collaterals from left coronary arteries. In the left anterior descending artery, 75% stenosis was noted in the proximal stent edge, and 90% stenosis was identified in the proximal portion of the left circumflex artery) (Figure 1) . Cardiac MRI was performed to evaluate myocardial viability. On LGE MRI, subendocardial infarction (transmural extent 25-50%) was revealed in the inferior and posterolateral walls (Figure 2) . Based on findings from MRI, we assumed that viability was preserved in the infarcted myocardial territory. Prior to surgery, we had already provided guideline-directed medical therapy for this patient. No additional pharmacotherapy was performed after CABG and cardiac resynchronization therapy defibrillator (CRT-D) implantation. We planned CABG and CRT-D implantation for this patient. We did not plan to perform surgical mitral repair at the time of CABG, because we expected the MR would be resolved by LV reverse remodelling after surgery. Coronary artery bypass graft surgery and implantation of the LV lead were performed by the cardiac surgeon. Fifteen days after CABG, CRT-D implantation was performed by a cardiologist (Figure 3) . Follow-up echocardiographic examination was performed 1 year after surgery. We compared echocardiographic findings before and after CABG and CRT-D implantation. Figure 4 shows comparison of MR grade and degree of dyssynchrony (time to peak radial strain as evaluated by speckle tracking echocardiography) between pre-and post-CABG and CRT-D implantation. Mitral regurgitation disappeared after surgery ( Figure 4A and B) . Tethering of leaflets of the mitral valve was substantially improved, and the severity of MR was trivial. Time to peak radial strain in the lateral wall improved from 462 ms to 336 ms before and after intervention ( Figure 4C and D) . Left ventricular enddiastolic volume decreased from 214 mL to 164 mL and LVEF improved from 16.4% to 20.7%. On speckle tracking echocardiography before surgery, a significant difference in times to peak radial strain between the lateral wall (462 ms) and inferior wall (17 ms) indicated the presence of LV dyssynchrony. Time to peak radial strain was substantially improved after surgery. Tricuspid regurgitation decreased from moderate to trivial. One year after surgery, dyspnoea was improved (NYHA Grade 2). In addition, follow-up BNP levels have been approximately 200 ng/mL, and the patient has not required any hospitalizations for heart failure.
Discussion
Our case report suggested the possible utility of LGE MRI in deciding the surgical strategy for patients with ischaemic cardiomyopathy and moderate functional MR. In this patient, MR resolved without any surgical MR repair. Left ventricular reverse remodelling by revascularization and CRT might improve the geometry of the mitral valve and the synchrony of papillary muscles, leading to improvement of mitral valve function. In this regard, assessing myocardial viability and predicting the likelihood of LV reverse remodelling before cardiac surgery would be important. In a previous randomized controlled trial comparing CABG plus optimal medical therapy vs. medical therapy 
alone for patients with LVEF < _35% and coronary artery disease amenable to CABG [the Surgical Treatment for Ischaemic Heart Failure (STICH) trial], CABG plus medical therapy did not significantly reduce the rate of all-cause mortality in comparison to medical therapy alone. 6 The STICH Extension Study (STICHES), 7 a long-term follow-up (median of 9.8 years) study of STICH cohort, demonstrated the lower rate of all-cause mortality in the CABG group compared with the medical therapy group. Based on these results, combination of CABG and medical therapy would be more beneficial than medical therapy alone for patients with coronary artery disease and LVEF < _35%. Late gadolinium-enhanced magnetic resonance imaging offers a reference standard to assess myocardial viability (>75% LGE has a 100% negative predictive value for functional recovery after revascularization). 3 However, the utility of viability assessment before the CABG is controversial. For example, in the Heart Failure Revascularisation Trial (HEART), viability assessment by imaging modality (e.g. stress echocardiography, SPECT, angiocardiography, and positron emission tomography) did not show the clinical merit to select patients for revascularization (percutaneous coronary intervention or CABG). 8 Further study is required to assess the utility of viability assessment using LGE MRI before CABG.
Regarding the treatment for functional MR, a recent study showed that surgical mitral repair at the time of CABG did not improve mortality. 1 Possible reasons for this result include differences in expertise and own preferences amongst operators and longer cardiopulmonary bypass time associated with worse clinical outcomes. From this point of view, debate continues regarding surgical mitral repair for functional MR. In this patient, the area of myocardial infarction was not extensive on LGE MRI. We, therefore, thought that LV reverse remodelling would occur and surgical mitral repair would not be necessary. In addition, LGE MRI is useful to decide LV lead position and predict responders to CRT. Left ventricular lead positions over scar were associated with poorer CRT response, higher risk of cardiovascular death, heart failure hospitalizations, and sudden cardiac death. 9 Our patient showed subendocardial infarction with transmural extent of 25-50% on LGE MRI in the lateral wall. This finding suggested the high probability of LV reverse remodelling after surgery. Beyond LGE, other MRI parameters might play an important role for CRT-D implantation. For example, contrast-enhanced magnetic resonance venography can visualize the coronary vein branch used to select optimal LV lead position. 10 Myocardial extracellular volume fraction as quantified by the T1 mapping technique can predict LV reverse remodelling and clinical outcome in non-ischaemic cardiomyopathy. 11 In addition, improvement of papillary muscle dyssynchrony might be an important mechanism in the disappearance of functional MR in this patient. A previous study using two-dimensional speckle tracking echocardiography demonstrated that CRT can acutely reduce MR in patients with dyssynchrony involving the papillary muscles. Interruption of CRT at 6 months of follow-up resulted in acute loss of resynchronization with recurrence of MR. 12 In our case, . Time to peak radial strain was improved after surgery (ranging from 0 ms to 480 ms before surgery, 336 ms after surgery).
